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Chactopterus variopedetus is one of the best known polychaete annelids.  The
construction of the familiar U-shaped tube of this worm was first studied by
Enders in 1908. Enders in a later paper (1909) made some observations on feed-
ing in Chactopterus but failed to recognize the use of the mucous bag. Complete
understanding of the feeding mechanism in Chactopterus was provided by the
studies of MacGinitie in 1939. Much less is kuown about the behavior and
physiology of other chaetopterid genera. Only a few casual observations of the
North Pacific Mesochactopterus rickettsii and Phyvllochaciopterus prolifera have
been reported (MacGinitie and MacGinitie, 1949).

The purpose of this study was to investigate the mechanism of tube-building
and feeding in Spiochaetopterus, a chaetopterid genus which is rather more typical
of the family than is Chactopterus. The species studied was Spiochaetopterus
oculatus Webster, a very common member of the genus along the North Atlantic
coast.

This investigation was carried out at the Duke University Marine Laboratory
at Beaufort, North Carolina, during the summer of 1963, and was supported by a
National Science Foundation Summer Study Grant. The author wishes to ex-
press his appreciation to the Duke University Marine TLaboratory for the facilities
extended to him during the course of this study. Acknowledgment is also due to
Dr. Marion Pettibone of the United States National Museum for her kind as-
sistance and suggestions.

MATERIALS AND METHODS

Worms were collected within the tube, care being taken to dig out the entire
tube from the substratum. In studying tube comstruction, specimens were re-
stricted to a short section of the natural tube, the other part having been cut away.
The section containing the worm was then placed in the upper part of a piece of
glass tubing having a bore of 1.5 mm. Worms were also entirely removed from
their own tube and placed within glass capillary tubes. Transfer was brought
about by placing the tube of the worm within the end of a capillary tube (0.8-
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1.2 mm. in diameter) which just exceeded the diameter of the worm tube. A
dissecting needle was then rolled down the length of the worm’s tube, driving the
worm out and into the capillary tube.  Since removal of the wormn caused some
damage to the end of the body just i front of the dissecting needle, care was
tuken to always drive the worm forward. Thus, any damaged segments would
be at the posterior end of the hody.

The glass tubes contamning worms were kept in a vertical posttion by placing
them i a glass cylinder, where they were held agaust the funer side of the
cvlinder wall with a large plug of glass wool wrapped in a piece of black cloth.
The black cloth provided a good bhackground for visual observations. A short
piece of glass tubing having a diameter of 2 em. was extended through the center
of the plug of glass wool to provide for circulation of water in the lower part of
the cylinder. The entire cylinder, except during periods of observations, wus then
subunierged in a battery jar of runuing sea water.

The worms were observed in a vertical position through the glass wall of the
cylinder. Observations were made with a binocular dissecting microscope (from
which the base had been removed) suspended horizontally by the arm from a
clamp attached to a ring stand.

RESULTS AND (JBSERVATIONS

Spiochactopterus oculatus is a small tube-inhabiting chaetopterid polychaete,
varying in length from 3.0 to 6.0 eni.  Like many other members of the family
Chaetopteridae, the body 1s divided into three regions. The broad anterior region
(Fig. 1, A) is composed of a poorly defined head followed by nine segments. The
parapodia of these segments are limited to a short notopodium, each of which is
provided with a fan of capillary sctac.  The fourth notopodium is peculiar in
possessing a giant blade-like seta in addition to the capillary bundle.

The cylindrical middle region of the body (Fig. 1, C) is composed of 18 to 37
segments, although 21 to 24 segnients are most commonly present. Each of these
segments is provided with distinctive parapodia composed of a foliaccous noto-
podium and an unciate neuropodium. The fohaceous notopodinm will be de-
scribed in detail later.

The ternnnal body region is made up of a large but varying number of seg-
ments. It is somewhat sunilar to the middle region of the body except that the

notopodia, rather than being foliaceous, are reduced to antenna-like processes
(Fig. 1. D).

The tube

The tube of Spiochactopterus is a vertical annulated structure conposed entirely
of a secreted cornified. or chitin-like, material. The tube is built vertically in the
substratum with from 2 to 10 m. of its length projecting above the surface.
The total length of the tube varies greatly, and this variation is perhaps related to
the nature of the substratum. At Beaufort, North Carolina, Spiechaetopterus is
niost abundant i a muddy substratum, where it occurs from below the low-tide
mark through the lower third of the intertidal zone. [n such habitats the worm
may have a density as great as 25 to 35 individuals per square foot. In sandy
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Ficure 1. External structure of Spiochactopterus oculatus. A. Lateral view of anterior
body region and first foliaceous notopodium of middle body region. B. Dorsal view of
anterior end of body. C. Dorsal view of three segments of middle body region. D. Dorsal
view of last segment of middle body region and first two segments of posterior body region.
E. Ventral view of two segments of middle body region showing uncinate neuropodia.
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substrata the species is much less abundant and careful searching may be necessary
to locate the tubes.

In several muddy habitats in the Newport River Estuary, from which specimens
were regularly collected, the total length of the tube mostly ranged from 80 to
12.0 cm. IHowever, on sand flats tubes were obtained which reached a length
of more than 50 cm.

The diameter of the tube is not nearly so variable as its length. The internal
diameter is generally about 0.7 mm., although one had an internal diameter of
1.2 mm. The wall is thickest, about 0.03 mm., in the upper extent of the tube.

Ficure 2. Tube structure. A. Upper end of tube showing relationship ol opening to
substratum. B. A short section of the lower region of the tube showing an old partition (top)
plastered against the wall of the tube and a functional partition (bottom) in place. C. Surface
view of a partition. Note thinner central area perforated by three openings.

The tube in this region (Fig. 2, \) is tough, rigid, markedly annulated, and
opaque to blackish in color. The annulations are formed by a slightly thicker
area of tube wall and are spaced 1.0 to 1.5 mm. apart.

Since the oldest part of the tube is generally the upper portion, the tube wall
tends to become thinner as it extends downward into the substratum. The lower
part of the tube is colorless and transparent, with no noticeable anuulations and
with thin, ecasily collapsible walls.

At some point near the hottom of the tube, and always within the thin trans-
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parent section, the lumen is obstructed by a partition (Fig. 2, B). The partition
is shaped somewhat like a button (Fig. 2, C). The peripheral portion is rela-
tively thick and joins with the tube wall. The circular central area is thinner
and perforated by one to four openings. The bore of the tube is thus never
completely blocked, and the openings in the partition permit continual water circu-
lation. The partitions are periodically removed and new ones constructed at dif-
ferent levels. The old partitions when removed are plastered against the inner
side of the tube wall, and can be observed all along the length of the more trans-
parent lower quarter of the tube. The function of the partitions is not certain.
They may serve to prevent the thin walls of the lower part of the tube from
collapsing.

AMechanismy and movement within the tube

Like all chaetopterids, the activities of Spiochaetopterus are limited to the
confines of its tube. Yet worms observed within glass tubes or within the trans-
parent sections of their own tubes exhibited considerable facility of movement.
The body of the worm maintains contact with both sides of the tube wall. On
one side of the tube this contact is supplied by the convex ventral surface of the
anterior region of the body and by the uncinate neuropodia (Fig. 1, E) of the
middle and posterior regions of the body. These neuropodia have the form of a
pair of slightly curved shelves.

The opposite wall of the tube is contacted by the notopodia of the anterior and
middle body regions. The anterior notopodia are slightly tapered processes having
a bundle of capillary setae. The notopodia of the middle section are foliaceous
and each consists of two parts as shown in Figure 1, C. The foliaceous processes
are normally held at right angles to the body so that their distal margins touch
the wall of the tube.

The worm may be oriented within the tube with the head directed upward or
downward, but most commonly it assumes an upward position. In either position
the worm can readily move up or down the length of the tube. Slow upward
movenient appears to be largely brought about by the leg-like action of the an-
terior notopodia. These appendages push against the side of the tube, one noto-
podium acting alternately with the notopodium on the opposite side. The setae
bundles are extended and pushed out and downward against the tube wall. Most
conspicuous are the 7th, 8th, and 9th notopodia which are the largest notopodia
in the anterior part of the body. The action of these notopodia involves not only
extension but an outward turning of the anterior margin.

In slow downward movement, the worm appears to release contact with the
tube wall and slowly sink.

Rapid movement involves body contraction and is essentially peristaltic in
nature. The uncinate neuropodia of the middle and posterior body regions appear
to provide the principal means of anchorage in this tvpe of movement.

A worm can easily reverse itself within the tube. In changing from a head-up
to a head-down position, the anterior end is bent downward and then moves down
the tube against the posterior part of the body, which is simultancously moving
upward in the opposite direction. The turning point of the body thus remains
more or less at the same level. Reversing from a head-downward position may
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he carried out as just described, with the anterior end moving upward through
the tube, or the worm may perform a reverse jackknife. in which the posterior end
turns downward and moves down the tube.

Tube construetion

Secretions for tube construction are produced by epidermal glands which open
onto the ventral surface of the anterior region of the body. This secretory sur-
face is large. It extends from near the anterior margin of the head through the
entire anterior body region, i.c.. to the level of the 9th parapodia, and covers the
entire convex veuntral side of the body. It is hoped that the histology of the
glandular area, as well as other aspects of the histology of Spiochactopterus, wiil
be described in a later paper.

Observations on tube construction were made on worms confined to a very short
section of the original tube, the remainder of the tube having been removed. An
animal so confined innmediately began the construction of additions to the original
tube. Such additions were made to either end of the tube but most commonly
were initiated at the upper end.

The actual laying down of tube wall is preceded by “exploratory”™ movements
of the anterior end of the body. The anterior end is extended out of the tube as
far as the 7th parapodia or a lesser distance and then withdrawn. This movement
may be repeated many times with the body often rotating to cover a new arc at
each extension. The palps during this time are extended downward between
the foliaceous notopodia.

At the time of secretion the anterior end is slowly extended out of the tube,
rotating slightly side to side in the process. The projecting anterior end appears
markedly turgid with the front margin flared. The body extends out of the tube
as far as the 7th parapodia and when this level is reached, the head bends dorsally
at right angles to the body. The flexure is located at about the level of the 4th
parapodia. At the end of this movement (Fig. 3, A) which may take 10 to 15
seconds, the body is quickly withdrawn, leaving behind and in place a delicate
one-half cylinder attached to the older section of the tube. The length of the
new addition is equivalent to the distance between the flexure and the level of the
body at the mouth of the tube.

The worm now rotates 180° and repeats the secretory projecting movement
to lay down another half-cylinder of tube. The second half-cylinder is attached
to the first half to form u complete cylindrical addition or section of tube. Such
a section would approximate an annulated section in an older part of the tube.

With the completion of the cylinder, the worm now moves up and down ap-
plying the ventral secretory surface of the body against the inner surface of the
new addition, reinforcing the tube wall with additional secretions. These re-
inforcing movements may be coupled with exploratory movenents, preceding the
secretion of another section of tube. Within the period of an hour several new
sections may be added to the tube.

Having added to the top end of the tube, the worm may reverse itself and
begin additions to the lower end of the tube. Under natural conditions, additions
are probably made chiefly to the lower end of the tube.

The reinforcing of the inner wall of the tube with additional secretions is ap-
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parently a continual process and would account for the gradual thickening of the
tube wall between new and older sections. The convex ventral surface is always
pressed against the tube surface.

The transverse partitions which partially block the lower part of the tube are
secreted by the head region. The worm reverses itself in the tube if previously
directed upward, and then moves downward toward the lower part of the tube.
At the level at which the partition is to be placed, the worm halts its downward
movement. The head is flexed slightly inward (dorsally) and then rapidly

——~NEWLY SECRETED
HALF CYLINDER
OF TUBE

Ficure 3. Tube construction. A. Worm secreting addition to tube. B. Head of worm
secreting first part of a partition. Anterior median region of head is forced through the
initially open central area of partition. C. \Worm in process of removing a partition by cutting
its junction with the tube wall with the heavy blade-like 4th seta.

rotated. 1t is during this rotation, whicl lasts only about five seconds, that the
partition is secreted. The partition is at first shaped like a washer, having a
large hole in the center. The hole results from the absence of glands along the
front median margin of the head. This area of the head is located in the center
of the partition during the rotating movement and at the end of the rotation pro-
trudes through the partition opening (Fig. 3, B).

Following the initial secretion of the partition, the head is flexed and the
worm moves the glandular surface back and forth over the partition. This final
action apparently reinforces the partition and probably accounts for the reduction
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of the original opening to two to four small perforations. It is difficult to under-
stand why the original opening would not be completely sealed over.

As additions are made to the lower part of the tube, the tube partitions are
continually removed and replaced at lower levels. In removing a partition the
worm moves head downward to the site of the partition. The body 1s flexed at
the level of the fourth parapodia and then twisted slightly at the level of flexure
so that the right side of the body is closer to the periphery of the partition than is
the left. The large, heavy, blade-like 4th seta is now extended downward and
then retracted. With each downward stroke, the truncate blade of the seta cuts
through the partition where it joins the tube wall (Fig. 3, C). Between each cut
the body rotates slightly counterclockwise, and the seta performs another cutting
stroke.  When the worm makes a full circle, the partition i1s completely severed
from the tube wall. The partition is now pushed down and back against the iuner
surface of the tube wall, where it is gradually plastered to the wall as additional
secretions are laid down. Such old partitions can be observed along the length
of the lower part of the tube, but as the tube wall becomes thicker and darker,
the icorporated partitions become invisible.

The left 4th seta was never observed being used for cutting a partition. How-
ever, in view of the fact that the left seta is as highly developed as the right,
it is likely that either seta can be employed in cutting partitions.

In addition to removing tube partitions, the enlarged blade-like 4th setae are
also used to slit open the side of the tube to permit the formation of an entire new
extent of tube. I iuitiating such a new construction, the worm makes an ir-
regular transverse cut through the tube wall. The anterior body region is pushed
through the rupture and begins the laying down of new tube as already described.
The old lower section of the tube is no longer used, and the entrance to it is
gradually sealed off.

Such a major alteration was observed only at the lower part of the tube.
Whether an entire new tube could be rebuilt in this manner is not known. How-
ever, when specimens with obvious new side branches to the tube were found in
the field, the new branch was always located in the lower part of the tube.

Observations on tube construction were not hmited to the building of ad-
ditions to an existing section of the tube. Worms observed in capillary tubes
would secrete normal additions to either end of the glass tubing, particularly the
lower end.  Partitions were also constructed and removed within the capillary
tubes.

In contrast to Chaetopterus, Spiochaetopterus is capable of burrowing and
rebuilding its tube when removed from the original one. Specimens were re-
nmoved from their wbes and placed on the surface of a mud-sand substratum
within a small beaker. The worms immediately began to burrow downward head
first and very shortly disappeared below the surface.  Within an hour palps were
visible projecting from the month of an opening at the surface of the substratum.
When excavated, a delicate short tube was uncovered.

IFeeding

Most of the observations on the feeding mechanism of Spiochaetopterus were
made on worms placed in capillary tubes and fed a suspension of carmine particles
in sea water or a suspension of statned Pabhnn.
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Spiochaetopterus, like many sedentary polychaetes, is a ciliary feeder. It has
been suggested that the grooved ciliated palps might be the principal structures
used for obtaining food. This was not found to be true. The palps are pri-
marily used for removing waste and other unwanted materials from the tube
and only secondarily as organs of ingestion.

The feeding mechanism is basically like that of Chactopterus (NMacGinitie,
1939), in that a water current is passed through a mucous bag, straining out sus-
pended particles, but the process differs from that in Chaetopterus in a number
of important respects. As described earlier, the middle region of the body of
Spiochactopterus bears very distinctive parapodia (Fig. 1, C), each composed
of a foliaceous notopodium and an uncinate neuropodium. The foliaceous noto-
podium is composed of a dorsal and a ventral division. The larger dorsal di-
vision bears two lobes, one of which is curved toward the mid-dorsal line; the
other is curved ventrally. \When held erect, i.c., at right angles to the body axis,
the divisions and lobes of the two notopodia so appose each other that they form
three ring-like opeunings, one mid-dorsal and two dorso-lateral (Fig. 4). The
mid-dorsal ring is formed by the two incurved lobes from each dorsal division.
Each lateral ring is formed by the ventral division and the ventrally curved lobe of
the dorsal division.

The inner margins of the rings are lined by large membranelles, which are
visible even at a magnification of 30 X. The effective stroke of each membranelle
is directed posteriorly but does not occur in all membranelles of a ring simultane-
ously. Rather, the beat occurs as a sequence of several waves, which progress
around the ring in a clockwise direction.

The beating of the membranelles within the uotopodial rings drives water
through the tube. The notopodia of the middle body region are held outstretched
at right angles to the body axis, and their outer margins touch the tube wall.
The ventral body surface with its short uncinate neuropodia is in contact with the
opposite wall of the tube. Thus, all water must pass through the ciliary noto-
podial rings. At the level of any one parapodium there would be three currents,
one dorsal and two dorso-lateral, corresponding to the three notopodial rings
(Fig. 4).

A mid-dorsal ciliated groove traverses all three regions of the body and
terminates just behind the mouth. The groove in the middle region of the body
thus crosses the inner wall of the mid-dorsal ring. Behind each ring the groove
widens to form a ciliated cupule, except for the first segment of this body region,
which lacks a cupule. Anteriorly the cupules are large. well-developed, and lo-
cated some distance back from the preceding ring. Posteriorly they become pro-
gressively less conspicuons and located closer Dehind the preceding mid-dorsal
notopodial ring.

The water current passing through the tube contains suspended detritus and
plankton upon which the worm feeds. Although the water current, which thus
functions as a feeding current, is created by all of the notopodial rings, the mid-
dorsal ring is more directly involved in feeding. FEach of these mid-dorsal rings
(at least anteriorly) secretes a mucous bag, the end of which is caught and rolled
up as a food ball by the cupule located behind the ring (Fig. 4). New mucous
film is continuously being produced by the notopodial ring during the feeding
pracess.  All of the water passing through a mid-dorsal ciliary ring must alsa
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pass through the mucous bag secreted by that ring.  The food particles strained
out and collected in passage are consolidated as a food ball as the bag is rolled
up by the cupule.

Active feeding, i.c., the sceretion of mucons bags, is more or less simultaneous
and appears to be limited to the anterior segments of the middle body region.
The greatest nmuber of mucous bags and food Dballs ever observed at one time
was thirteen. The food balls formed more posteriorly are considerably smaller
than those formed by the first few anterior segments.

W\ | /1

- —=~-MID-DORSAL
CILIARY RING

r—~-FOOD BALL

F—~ MUCOUS BAG

~———=- CUPULE

> — LATERAL CILIARY
RING

Figure 4. Dorsal view of three segments of middle body region showing tliec position
of mucous bags and the formation of food balls. Arrows indicate the direction of water
currents.

When a food ball of adequate size has been attained, secretion of mucous film
is halted, and the bag is detached from the notopodial ring and completely rolled
up by the cupule. The food ball is then carried forward along the mid-dorsal
ciliary groove. On reaching an anterior cupule the food ball may be added to the
food ball being formed there, or more frequently, the forward moving food ball
forces the evacuation of the food ball in that cupule. The food balls thus tend to
be carried anteriorly as an irregular string. When the food ball passes through
a ciliary ring. which, it will be remembered, is driving water in the opposite di-
rection, the two notopodia separate slightly and are inclined somewhat anteriorly.
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As soon as the food ball passes, the notopodia return to their normal position.
The entire cycle of movement takes place within a second or less. The mem-
branelles were never observed to ccase beating nor to reverse their beat.

Eventually the food balls reach the anterior end of the dorsal groove, which
terminates just in front of the convex lower lip flanking the posterior side of the
mouth (Fig. 1. B). They are then driven by the general surface ciliation over the
lip into the mouth.

The time required for complete formation of a food ball was not measured.
When wormns were fed a suspension of carmine particles or stained Pablum, food
balls were formed and passed anteriorly in less than a minute. But this is cer-
tainly far more rapid than would occur under natural conditions where detritus
is fine and less concentrated.

The presence of a food bag tends to change the pressure of the water current
passing through the dorsal ciliary ring as compared to the lateral rings. This
results in the production of compensating currents crossing between the three
main streams (Fig. 4). Thus, some of the water passing through the lateral rings
at one level passes over and enters the middle ring at the next segment, bringing
with it a new source of detritus to be removed by the food bag at this level.
Eventually, almost all of the water passing posteriorly through the tube is strained
through a mucous bag. This apparently occurs by the level of the first twelve or
so segments and would accoimt for the decreasing size of the food balls and ab.
sence of mucous bag formation more posteriorly.

Although feeding most conunonly occurs with the head directed upward within
the tube, worms were observed on occasion to feed while in a head downward
position.

The principal function of the palps, as will be described later, is egestion and
maintenance of an unobstructed tube. But the palps were occasionally observed
to act as secondary or accessory feeding organs. Small masses of detritus were
carried down the palps and into the mouth within the large ciliated gutter of the

palp.

Water circulation and cgestion

Much of the body of Spiochactopterus is clothed in fine cilia, but it is the
membranelles of the notopodial rings that create the water current upon which
the life of the worm depends. The membranelles were never observed to cease
beating nor were they ever observed to reverse their beat. Their beating creates
a continnal water current passing through the tube. Although feeding is restricted
to the first twelve or so notopodial rings. all of the notopedial rings are involved
in the production of the water current. When the worm is directed upward, the
current enters the mouth of the tube at the surface of the substratum: when the
worm is directed downward. the current enters the buried lower end of the tube,
seeping in from the surrounding mud and sand.

The continual passage of water through the tube functions not only as a feeding
current, as has already been described, but also as a respiratory current and a
current for the removal of waste. Spiochactopterus is devoid of gills. as might be
expected in an animal of such small size. Respiratory exchange occurs across the
general body surface.
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The long delicate palps of Spiochactopterus are highly effective organs for the
removal of egested waste and any over-large masses of detritus brought in by the
water current. Ifach palp is provided with a small ciliated groove which runs
just lateral to the broad, deep, gutter. Cilia within the groove beat anteriorly to-
ward the palp tip, t.c.. in the opposite direction from that of the water current pro-
duced by the membranelles. Any large object or large mass of detritus carried into
the tube by the water currcut becomes entangled in mucns produced by the palps.
The undesired material is then carried anteriorly along the ciliated groove of one
of the palps. 1 the worm is below the upper end of the tube. as is often the case,
it moves upward in the tube until the tips of the palps project from the tube open-
ing. The detritus mass being carried along the palpal gutter is now ejected from
the tip of the palp and falls to the surface of the surrounding substratum.

The efficiency of the palps in preventing clogging of the tube was especially
evident in feeding experiments using a suspension of carmine particles or dyed
Pablum.  When a drop of suspension was released at the opening of the tube.
a large amomnt of the material was immediately drawn into the tube. However,
as soon as the suspended material reached the level of the palps. the larger particles
were quickly collected by these structures and moved on the palpal groove back
toward the exterior. The worm rapidly moves upward in the tube during this
process. Only the finest of the suspended particles passes by the palps and is
collected by the mucous bags.

The palps also function in the removal of feces. Egested wastes are released
from the anus as elongated fecal pellets, shaped like a grain of rice and about twice
the size of a food ball.  On leaving the anus the pellets are picked up by the ciliated
mid-dorsal groove, which runs the entire length of the body. beginning just in
front of the anal opening. This is the same groove which transports the food
balls, and in the mid-region of the hody the fecal pellets pass through the noto-
podial ciliary rings in the same manner as a food ball.  On reaching the anterior
end of the dorsal groove, the pellets are transferred to the palpal groove for ejection
to the exterior. With every release of a fecal pellet by the anus, and several
may be released at one time, the worm moves toward the top of the tube to permit
the palps to eject the pellets from the tube opening. HHow fecal pellets are dif-
ferentiated from food balls is not clear, for only occasionally is a fecal pellet in-
gested.  Perhaps the difference in shape or size is a factor.

Patterns of activity

Worms placed in capillary tubes could be kept in good condition and observed
for weeks. The easy adjustinent of these animals to glass tubes made it possible
to observe in some detail the activity patterns of their tubicolous existence. The
only limitation to these observations was the fatigue of the observer who had to
constantly watch the worms both with the unaided eye and through a dissecting
microscope.  Irom a number of such observations, two seven-hour records (Iig.
5) are presented as heing fairly representative. The data provided by these ob-
servations should in large part be applicable to worms living under normal con-
dittons in natural tubes.

A number of facts regarding the activity patterns of Spiochactopterus are indi-
cated by these records. The worms are by no means stationary inhabitants of
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FiGure 5. Records of the activity patterns of two different worms over a seven-hour
period. Each arrow represents a position assumed by the worm and the time that the position
was first assumed. The interval of time spent in that position is indicated by the space be-
tween two arrows. Solid arrows represent a head-upward position; dashed arrows represent a
head-downward position. The three vertical levels represent levels occupied by the worm
within the tube. Worm A spent a total of 66% of the timme recorded at the bottom of the tube.
Worm B spent over 90% of the time recorded at the bhottom of the tube.

their tubes, but continually shift position within the tube. As many as eight or
nine changes in position occur within an hour. Yet the pattern of movement 1is
very irregular; it is not cyclic nor predictable.

Although a worm frequently inverts itself and is capable of remaining upside
down for a long period of time, it most frequently assumes an upright position.
This is not surprising in view of the structure of the tube, the means by which a
water current is produced. and the mechanisin of feeding and egestion. Inversion
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food ball by a cupule located behind each ring. The food ball is then passed
forward to the mouth along a ciliated mid-dorsal groove which runs anteriorly
from the posterior tip of the body.

9. The greatly elongated palps function chiefly to remove feces and also to re-
move over-large masses of detritus which enter the tube with the water current.
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